EMBIOMHXANIKH

BIOMECHANICS

#1: EIZAIMQI'H / Introduction

9 semester
Dept of Mechanical Engineering, NTUA

Instructors:
Prof. Leonidas Alexopoulos
Dr Michael Neidlin

Beilage zu Kahn, DAS LEBEN DES MENSCHEN /Franckh’sche Verlagshandlung, Stuttgart /

Fritz Kahn (1888 — 1968)



AIM OF THE COURSE

Different

levels of
Modeling in
Bioengineering

Organ (102 m)
Understand the mechanics of the
human body and its components

Patient (10° m)

~e—

Cell (10 m)

Sub-cell (10° m)




Procedure

1. Understand the anatomy and physiology (clinician)
2. Understand the function (engineer)
3. Present problems (clinical) and solutions (engineer)

Learn about (some) methods in biomechanics
and biomedical engineering




Bioengineering courses at ME / NTUA

7° EEaunvo 8° E¢aunvo 9° EEaunvo
** AvaAvon KatL 6XESLacpnoc Epupropnxaviki)
BLolaTPIK®WV GUGTNHATWV BIOMECHANICS

MEDICAL DEVICES Kog AAe€omoviog
Kog AAe€omovAog

ATEIKOVIOELC KoL OepamevTIKEG  Blopevotopnyavikn

AxkTIvoBoAN GG Blolatpikng BIOFLUID MECHANICS
TexvoAoylag Kog Toayyapng
MEDICAL IMAGING

Kog¢ Avayvwotdkng

** Néa MaBruarta armd 2016



Bioengineering courses at ME / NTUA
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Syllabus

Class  Description

10 Introduction

2° Anatomy 101

30 Tissue and Joint Mechanics

40 Numerical and Experimental Methods in Biomechanics
50 Practical course : Implant fitting study |

6° Practical course : Implant fitting study Il

7° Tissue Engineering

8° Cell Mechanics

9° Practical course: FEM Hip Implant Study

10° Practical course: FEM Hip Implant Study




Course Instructors

Prof. Leonidas Alexopoulos, PhD
leo@mail.ntua.qgr
Tel: 210 7721666

Dr. Michael Neidlin
neidlin@central.ntua.qgr
Tel: 210 7721516



mailto:leo@mail.ntua.gr
mailto:neidlin@central.ntua.gr

Exams

TBD
- We will have mandatory homeworks during the semester

- If ,significant® work has been carried out, we have no exams
(similar to the ,Medical Device" course)



Webpage:

- http://biotech-ntua.wikispaces.com/home

Systems mycourses.ntua.gr

B ioe n g i n ee ri ng Tools ¥ View mode : Student | Course manager
Eupiopnyavikn & Bioiatpikn Texvoloyia

Course description

# Wiki Home 7 TEACHING := Add description | & Delete all

@ Recent Changes

[21 Pages and Files + 10 ESAMHNO:
& Members EIZAMQrH ETOYE HIY
@ General
70 EEAMHNO
INTRODUCTION TO BIOLOGICAL ENGINEERING / APXEE BIOAOTIKHE MHXANIKHE Dear Student,
. (also ilable in English for the E Stud )
Main We use wikispace for the course material. Pleas
1. ABOUT 80 EEAMHNO: . o
2. PEOPLE BIOMEDICAL DEVICES (TBD) http: //biotech-ntua.wikispaces.com/home
3. PUBLICATIONS ioi i i i i i .
90 EZAMHNO: To join our discussion group and receive emails fol email to:
e S BIOMECHANICS | EMBIOMHXANIKH - BIOIATPIKH TEXNOAOTIA biomeche+subscribe@googlegroups.com
5. REPOSITORY (also available in English for the E Students) :
6. AINAQMATIKEZ
7. TEACHING
Thank you
8. CONTACT
9. INTERNAL Leonidas Alexopoulos

10.NEWS
Exam Results
Software



http://ntuabio.wikispaces.com/

Webpage:

- http://biotech-ntua.wikispaces.com/home

nvpgopol

APOMHBEVS .

N2

& Wiki Home

& Projects

© Recent Changes
2 Pages and Files
& Members

£ Settings

| © search

edit navigation

home # Edt O 221

EMBIOMHXANIKH - BIOIATPIKH TEXNOAOTIA
INTRODUCTION TO BIOMECHANICS & BIOMEDICAL ENGINEERING
Kuw&ixés Mabrparog: 2.3.42.9, [30 KMM]

To join our discussion group and mailing list please send an email to:
blomeche+subscribe@googlegroups.com &

TPITH / TUESDAY 3:15-7:00 @ Z001

Instructor:
Prof Leonidas Alexopoulos: leo <> mail.ntua.gr
Dr. Michael Neidlin: neidlin <> central.ntua.gr

Mepidnun MaBiuarog™

Inupepivig kan pedhovTikég Suvardtnreg Tng Bioiatpikfg Teyvohoyiag. O pdhog Tou pnyavikol atnv Bioiatpikr TEXvohoyia. Biomedical vs Biological
Engineering, Baoikég yvwoeig Avatopiag. Epfiopnyavikr. Movrehotroinon pakakwv 1otuv. OpBobovTikéc epappoyéc. Mnyavikl oupTTepipopd oaTwv.
Epguredpara.

Inueiwoelc Mabiuarog

2eA. 10



http://ntuabio.wikispaces.com/

Action item: Subscribe to mailing list

[a eyypagr) oTo pabnua TrapakaAw oTeiATe e-mall oTo:

biomeche+subscribe@googlegroups.com

To: Leonidas Alexopoulos

Join request for ntuabio [{EM2grL4FXuOaclux6KMO0}] ntuabio membership settings

We received your request to join ntuabio. My display name:

In order for us to complete the request, please reply to this email or ¢ e .
Leonidas Alexopoulos edit

Link to my Google profile and show my photo on posts ®
‘ Join This Group ’ Email used for your membersaie0alexopoulos@gmail.com
Email delivery preferenc Notify me for every new message (fewer than 1 per day)

Go gle Groups Start your own group, visit the help Other members of this group can find your email address. Anyone who knows your email
address could discover your Google Profile. Learn More

“ Cancel Transfer ownership

2¢eA. 11




Today

1. Introduction to Bioengineering
Revision of the 7" & 8™ semester course

2. Introduction to Biomechanics

2el. 12



Biomedical Engineering

EMB Anything that combines—in any proportion—
—co———— biology or medicine on the one hand and one of

the engineering disciplines on the other.
<& IEEE Culatebl: Tty

(Engineering in Medicine and Biology Society)

2 YoAéc & TuRnuara

Orndnmmore ouvouddel

Tnv emmarnur) rou  Biomedical Engineering (BME)
Unxavikou e - Bioengineering
EQAPUOYEC a€ laTpikn, - Biological Engineering

Yyeia kai BioAoyia * Biotechnology

- , , « Medical Engineering
* Bioiatpikn Mnxavikn « Computational Biology
* latpoTtexvoAoyiKn I\/!r]xavmr’] . Systems Biology
* Biohoyikn Mnxavikn . Systems Pharmacology
* EpPropnxavikn « Network Medicine

* YTroAoyioTikny BioAoyia
* BiotexvoAloyia

2¢eA. 13



Biomedical Engineering: One of the faster growing disciplines

Mnyn: ASME

Most Cutting-Edge Fields
THE STATE OF

MECHANICAL
ENGINEERING:

Energy 28
Bioengineering/Biomedical

Nanotechnology

Alternative Energy

TODAY AND
B E Y 0 N D Computers
Electronics

Clean “Green” Energy
An ASME Research Study Environmental

Renewable Energy
Material Science
Sustainability

‘P\%ME Robotics

Communications

Chemical Engineering

Information Technology

0% 5% 10% 15% 20% 25% 30%
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Biomedical Engineering: One of the faster growing disciplines

Noke: This chart shows the difference between the "emerging” and "enduring” responses for each field.

.’ Nano Medicine 790 nn VI? ASME

MNanotechnology 70.8
. Bioenginesring / Biomedical Engineering 63.3
Smart Materials 55.6
Renewable Energy 52.3
Battery/Storage Technology 434
Green Building Technologies 41.7
Smart Grids 39.7
’ Synthetic Biology 36.4
MEMS 359
Fuel Cells 157
Solar/Wind Energy 286
Artificial Neural Networks 18.7
Computers and Human Communication 18.0
Greenhouse Gas Mitigation 179
Enhanced Qil Recovery 120
Mechatronics 10.5
Environmental Engineering | 9.3
Modular Nuclear Plant Design |59
Haptics | 5.9
132.8 Remote Inspection
145 Advanced Propulsion Concepts
17.1 High-Speed Rail Transportation
21.6 Robotics
232 Offshore Technology
387 Agricultural Engineering
436 Electronic Motor Development
49.1 Geological Engineering
55.7 Manufacturing Optimization
571.0 System Engineering
51.1 Electronic Packaging Design
58.1 Turbine Technology
59.3 Power Metallurgy
60.5 Propulsion
633 Safety Engineering
63.9 Aerospace
65.8 Stress of (Fluid, Heat) Flow Analysis
67.0 Pipelines
69.9 Crane Safety
73.3 Design Engineering

B0% 70% 60% 50% 40% 30% 20% 10% 0% 10% 20% 30% 40% 50% 60% 70% B80%

W Enduring Emearging

2eA. 15




Related industry:

E Medical Device ]  Digital Health Q BioPharma
latporexvoAoyika Yneiakn DapuakeuTIKG
[lpoiovra Yyeia [lpoiovra
~$400 billion in 2015 ~$80 billion in 2015 ~$1000+ billion in 2015
CAGR: 6% CAGR: 21% CAGR: 3-6%
inyn:

lNapouadiaon amro ro 2016 «MIT Enterprise Forum Technologies that Matter Series Life Sciences»
Elias Papatheodorou, Aris Constantinides

2¢eA. 16



Medical Device

> 5000 types of medical devices (FDA list)!

Medical device (brief):

An article, instrument, apparatus or machine that is used in the prevention, diagnosis or
treatment of iliness or disease, or for detecting, measuring, restoring, correcting or modifying the
structure or function of the body for some health purpose. Typically, the purpose of a medical
device is not achieved by pharmacological, immunological or metabolic means.

Medical equipment:

Medical devices requiring calibration, maintenance, repair, user training and decommissioning —
activities usually managed by engineers. Medical equipment is used for the specific purposes of
diagnosis and treatment of disease or rehabilitation following disease or injury




Digital Health = Medical Dev + IT + Informatics

T1 gival Digital Health?
[Medical Device] +
[Internet of Things] +
[Big Data Analysis] +
[New data technologies] +
[Medical & Health Informatics]

ARY o
\\" 4
QQ ‘96‘
& g
J
I3 @ 8]
w
o
m ||
PATIENT
==
P A

v
Yarmp® Yogprt¥

(from FDA.gov): Many medical devices now have the ability to
connect to and communicate with other devices or systems.

\

Digital health includes categories such
as mobile health (mHealth), health
information technology (IT), wearable
devices, telehealth, and personalized
medicine (genomics, proteomics).

—> Better monitor our health & well-being
- Improve health care and health outcomes
- Make medicine more personalized

- Empower patients! Patients and
consumers can use digital health to better
manage and track their health and wellness
related activities.

2¢eA. 18



Digital Health = Medical Dev + IT + Informatics

Lateral Flow Tests w/ Systems Biology
Digital capabilities (Big Data)
~ Genomics, Proteomics

Point of Care Systems

*e
o

g ° \;i‘.:. g

Wearables & Mobile Health STpopETpnon Kapbiakol  Tpéuoudo Xeptwv
(health, COPD, etc) laAuoi (monitoring & Parkinson)




Digital Health & Point of Care

Microfluidics for PoN testing: roadmap

DNA sequencing in
_doctor’s office

F
LeukoDx

First PQC wave: SN “Home genetic testing
decentralization and 1 2109
automation of “simple” n iroad Sepsis : oad‘d« gone
tests (exception: Cepheid) T “Empty” period \
& without major

HIV/AIDS breakthrough
i CBC

Capdas mark..e..rs e - i . Early cancer diagnostics
) ' : Stroke markers

Drug resistance tests
Companion diagnostics

-\

Blood gases
Blood chemlstry

CLIA-waived

molecular dlagnostlcs

.-‘.-— ,,., ,.;:..V.V. l'
X . ﬁl i} Second POC wave:

. decentralization and
Clucose Immunoassays <
Coagulation . Q

automation of
(Yole Développement, September 2016) | | I I I I I |

//Ce e, @ complex tests
2eA. 20
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Molecular diagnostics

P s



Digital Health & Point of Care

‘Doblophofmcm:

Microfluidics for PoN testing: roadmap

—_—
—
.gﬁ

LI
oanauln %Cephe:d ...... 2 BIOCARTIS
Luminex
@ Nanosphere

—' - o~
O senepoc \3
i !...g‘,,,,;u,; Ay Mergers and | Fundraisings
—— acquisitions
%’T' ' moénae $600M+ gé Genalyte
||
? )
FOCUS a:\bbou;‘a —
"""" DOOOCOOC

@ Nanosphere

\\

{4 Tearl.ab

Q2

Ativa

C

.] Daktari

Diagnostics




Biopharma

Drug Manufacturing, Packaging & QC Research & Discovery

Genomics, Proteomics
W8 New Instruments
e & Data Measurements

| Big Data Analysis
~ = Systems Biology
Bioinformatics

_/

Drug Discovery &
Personalized
Medicine

Clinical Development (phase |, Il 111)
POC systems & Digital Health

P




Some Biomedical Engineering Companies abroad

O GE Healthcare Mml‘ic

 + JBoston
BAYER
1 : ) gBD Scientific
Haver HealthCare

£33 covioen  ISTNIRIED]

ETHICON mepRran-’

Boston
SCleIl 1ﬁc - {m ) ORTHOFIX
SIEMENS
medical "ﬁ!}'ﬁs i 7(‘ smith&nephew
; Abbott
@TERUMO Vascular
zimmer

n=14)




Biomedical Engineering in Greece

@ g -
Medical HAHAHOZTOAOY Diagnostics
Devices . HB|O
Wil micrel  Rontis | NS
Driven by innovation™ JL )
N . . )
" SMEs DaPHOKEUTIKEG ETOIPIES & AEPHUOKAAUVTIKG
|I| P e (kaTaOoKEUAOTEG)
ASMS T CECH
SCIENCE + TECHNOLOCGY “*e0@°®° h
SeoATIRE)  InSyiio (= Lavipharm “l Boehringer
— iV Ingelheim
% \ ELPEN # Pharmathen
NiOS/ - ] .
e NIO.:" l 1l 'O Risafe %’ Galenica sa.  Health core. Human care. @ KORRES
S loddffoler
SARS, PROT Automation, Manufacturing, Quality Assurance,
EL = PP ﬂ{I' Once AvoAuTikG 6pyava, Opyavwon TapaywyAg,
-+ many more SME5/ Napaywyr], AlIoKIOTToinoN KTA

(&

AVTITTPOCWTTEIEG ...
diagnostics KTA)

(&

Logistics, support, & sales (Texvikoi ynxavnudaTtwy, implants,




Mabnuara Bioiatpiknc Mnxavikinc MM EMI'

AtrokTdaTte Baocikég ZxedlaleTe BiolaTpIKEG CUOKEUEG Epapupoyég o€
Nvwoeig (concept, market analysis, Biomechanics
BlolaTtpikng business plan, design) (kaTaOKEVAOTEG)

7° EEaunvo 8° E¢aunvo 9° EEaunvo

** AVAAVOT) KL OXESLHONOC Eppropnyaviki)
BLOlATPIKWV GUGTUATWV BIOMECHANICS
MEDICAL DEVICES
BIOAOT'TIA ATAAIKAXIA ANAIITYZHX -  SOFT TISSUE
BIOITAHPO®OPIKH IATPOTEXNOAOT'IKOY MECHANICS
XYXTHMIKH BIOAOT'TIA [TPOIONTOZ -  HARD TISSUE
MECHANICS
& 'ENIKEX E®@APMOTI'EX - Concept to Product - ANATOMY
- Blolatpikég ZuokevEg - Regulation - TISSUE
- lotounxavikn & BlovAikd - Texvikeg Metprioewv ENGINEERING
- PoC -  BIOMATERIALS
- Apxéc oxedlaopov

ZeA. 25



Disciplines in Biomedical Engineering

Blolatpikn Mnyoavikn

e mmm——————— ————— MnxoavoAayolr Mnxovikot
_o==="" |Tissue Engineering _ ""_‘~~~\
s loTo-UnX VLKA Biomechanics >
/’ EpBroMnyaviki I
/ - - ——"I
[ Biomaterials _%,——————“ oo T m ~=sa
l| BLo-uAtka e / ’ Biofluid Mechanics | %
o< S
\~~ P /‘ BlopeuoTopnNYaVIKN ’
Pharmaceuticals Medlcme & S —— -
ﬂ)upuuxsunxq — BIOIOgy \:/"--- ——-~s\\
Blotexvoloyia \ \  Systems Biology }
S NSRS
l___ ~-§ ~
! BLOTOTPLKEC \{ flmcﬁpmsq wdlcal *\
I TELKOVIOEL agin
Xnuikoi Mnxavikoi | Kataokeveq e ———— ¢ _mading_
: larporexvoAoyika :
‘\ el :’ HAektpoAoyotr Mny, ZEM®E

Medlcal DeV|ces -’




Disciplines in Biomedical Engineering

Blolatpikn Mnyoavikn

MnxoavoAayolr Mnxovikot
Tissue Engineering _ _
loTo- N XaVLIKD Biomechanics
EpBroMnyaviki
Biomaterials \'
BLo-UALKa / Biofluid Mechanics
N —— o BlopguoTopnXaVvIKH
Pharmaceuticals MedlClne &
DapUOKEUTLKN — B|0|09y _
BlotexvoAoyia T \ Systems Biology
BlolatpLkeg ‘ flULﬂTDLKEC :V|dlCa|
TELKOVIOEL agin
Xnuwoi Mnxavikoi Kataokeveq g dging
larporexvoAoyika
[lpoiovra

HAektpoAdvolL Mny, ZEM®E
Medical Devices POROY L

2el. 27



Systems Biology / Network Pharmacology

H eppnveia BIOAOYIKWY KATAOTACEWV
XPNOIUOTTOIWVTAG Bewpia cuaTUATWY

Growth Factors,UV,
\ Trophic Factors,etc.

Stress:Osmotic Shock,
y radiation, Anisomycin

=
\cmf@‘/_‘/,\pymss

8 MAPK, — (HINKT ) —— TRANSLATION

FASL Inflammatory
Cytokines, UC etc

1
@ a0
J
4

o y Gytokine Production,

Apoptosis,etc.

N
Extracellular




Systems Biology / Network Pharmacology

Decision Making Process

llllllll

nnnn

|- | MRTSCHCHCS
- m -4 1
- (5 Y

-
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S AR
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Systems Biology in one slide: biology, data & models

BIOLOGY MODEL
In-vivo (organism)
In-vitro (cells)

Monitor: Biomarkers
Test: New Biomodels
Intervene: Drugs,
Biologics, Gene
editing, Tissue
Engineering

NEW TECHNOLOGIES &
DATA THEY PRODUCE

Mass Spec

Structure, Sequence
Untargeted (MS)
Targeted (MRM-MS,
Multiplex Elisa)

RNA-seq
Gene expr

Sequencing, SNPs, or
Chip-Seq (Protein/DNA)

MODELLING

Statistics
Machine Learning
Classification
Clustering
Regression
Data Reduction
Network Models
Boolean ODE, Fuzzy,
Graph theory,
Bayesian inference
- Optimization
Dynamic
Programing, Linear
2rogramming

PHENOTYPES, MECHANISMS, & BEHAVIORS

In-vivo: Clinical Outcome, Disease Progression, Animal behavior (normal vs pathological)
In-vitro: Normal vs cancer cells, growth curve, live/dead assays, inflammation etc



Pipeline for data generation & analysis

Data
collection

Data
Normalization Visualization

Method(s) Selection

for Modelling

- Classification

- Clustering

- Dimensionality Reduction
- Regression

scikit-learn
___» algorithm cheat-sheet

- Network Analysis

imensionali

- Optimization

SUCSNEEI Biomarker Patient Target Mechanism
Impact Selection Classification | Selection |dentification



Applications: Drug repurposing for NAFLD

I NAFLD (lipid accumulation)

UP-REGULATED

DOWN- |
. REGULCATED

GEO - GENES - NETWORKS - DRUGS THAT HIT THE SAME AREA (
INVERSE OR CAUSE?)

32



Applications: Drug repurposing for NAFLD

-16910(p-values)

o

e

NAFLD (lipid accumulation)

Y.

HBss EMEM

log2 ( ratio )

5 Y 2 0 2 4 5 UP-REGULATED

T T T T Genes pevakies
L NEGEE
I DOWN-

nSequag
= REGUTATED
Cutoff Vales

log10{palue 0.05 ) Fold change 3 Update Reset Ciear sl

33



Disciplines in Biomedical Engineering

Blolatpikn Mnyoavikn

MnxoavoAayolr Mnxovikot

Tissue Engineering _ _
loTO-pNXOVLKD Biomechanics
EpBroMnyaviki
Biomaterials \’
BLo-UALKa ~ / Biofluid Mechanics
— e BlopguoTopnXaVvIKH
Pharmaceuticals Me_dlcme &
Dap LAUKEUTIKT — BIOIOgy \
BlotexvoAoyla T Systems Biology
BLOTXTPLKEC Blolatplkég I\:’Tdical
Anewkovioselc Imagin
Xnpkot Mnyowvikol Kataokeveg . : oL
larporexvoAoyika

[lpoiovra
Medical Devices

2eA. 34
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Medical Imaging

PET imaging

fMRI imaging



Katnyopieg Bioiatpikng Mnxavikng

Blolatpikn Mnyoavikn

MnxoavoAayolr Mnxovikot

loTO- N XaVLKD

EpBroMnyaviki

Blo-uAwka \v /

BlopguoTopnxavikn
YTEIA
|ATPIKH
DapUAKEUTIKNA BIOAOFIA
BlotexvoAoyla Systems Biology

BLOTQTPLKES ‘ BlolaTpLKeg
ATELKOVIOEL
Xnuikoi Mnyawvikoi Katookeveg , C
laTporexvoAoyIKa

[Npoiovra HAektpoAdyol Mny, ZEM®E




Medical Device

latporexvoAoyika
[lpoiovra

Bioiarpika
[looiovra

> 5000 types of medical devices (FDA list)!

Medical device (brief):

An article, instrument, apparatus or machine that is used in the prevention, diagnosis or
treatment of iliness or disease, or for detecting, measuring, restoring, correcting or modifying the
structure or function of the body for some health purpose. Typically, the purpose of a medical
device is not achieved by pharmacological, immunological or metabolic means.

Medical equipment:

Medical devices requiring calibration, maintenance, repair, user training and decommissioning —
activities usually managed by engineers. Medical equipment is used for the specific purposes of
diagnosis and treatment of disease or rehabilitation following disease or injury




Medical Device (concept->business plan->design>manufacture*)

ALQyVWOTIKA unxovnuoto

NoookoueLakd unyaviuora Mnxawvike
— - Euputevuata

e

lotounxavikn Texvnta MéEAn
(mx BaABibeg Rahabilitation
kopdioc)


http://static.howstuffworks.com/gif/artificial-heart-abiocor-hand.jpg

Medical Device (regulated)

AlavvaUKd unxavnuaro NoCOKOUELOKA pnxavAuaTa Mnyavika
= = - s Euputevuarta

lotounyavikn Texvntd MéAn PoC
(mx BaABibeg Rahabilitation
kapdioc)

Imaging

G



http://static.howstuffworks.com/gif/artificial-heart-abiocor-hand.jpg

Bioinstrumentation (non-regulated) / life science

Protein Arrays

*\3“( www.intechopen.com

§ 0 o)
Lw Length of polymer

&

www.cambridgeproteinarrays.com

T EIEE

Nanopores (DNA measurements)

........

Sample
enters Heater vaporizes
here  sample
n y -
{] =
\) — NN

Electron beam
source

Mass Spec
Vs
Mass Spec 1S013485

Magnetic field
deflects lightest
ions most Detector

www.khanacademy.org



8th Semester: MEDICAL DEVICE

.

IMPLEMENT INVENT

IDENTIFY

STAGE 1 NEEDS FINDING
1.1 Strategic Focus

1.2 Observation and Problem ldentification

1.3 Need Statement Development

STAGE 2 NEEDS SCREENING
2.1 Disease State Fundamentals
2.2 Treatment Options

2.3 Stakeholder Analysis

2.4 Market Analysis

2.5 Needs Filltering

STAGE 3 CONCEPT GENERATION

3.1 Ideation and Brainstorming
3.2 Concept Screening

STAGE 4 CONCEPT SELECTION
4.1 Intellectual Property Basics
4.2 Regulatory Basics

4.3 Reimbursement Basics

4.4 Business Models

4.5 Prototyping
4.6 Final Concept Selection

STAGE 5 DEVELOPMENT STRATEGY
AND PLANNING

5.1 Intellectual Property Strategy

5.2 Research and Development Strategy
5.3 Clinical Strategy

5.4 Regulatory Strategy

5.5 Quality and Process Management
5.6 Reimbursement Strategy

5.7 Marketing and Stakeholder Strategy
5.8 Sales and Distribution Strategy

5.9 Competitive Advantage and Business

Strategy

STAGE 6 INTEGRATION

6.1 Operating Plan and Financial Model
6.2 Business Plan Development

6.3 Funding Sources

6.4 Licensing and Altemate Pathways

Etmixeipioiokog &
AAAOI TOUEIG

KaTtaokeuaoTIKOG
TouEag

Source: Biodesign

BIODESIGN

The Process of Innovating Medical Technologies

ZENIOS, MAKOWER, YOCK

N |

\
(@)
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Medical Devices

Smartphone microscopy PoC for Semen Analysis
Live cell monitoring in the incubator = In-home semen analysis
Smartphone enabled - Smartphone integration for

personalized treatment




System Drosophila Tracker

w/ Dr Trougakos Lab @ UoA

- ~75% homology to human DNA
- 24/7 monitoring

—> In-vivo platform for drug discovery

camera

original frame

space for cables

“ | -‘
0
J“ﬂ|ﬂﬂﬂﬂﬂﬂ.ﬂ?ﬂﬂﬂnmmmﬁ .

40 60

i, '
! 2 . 4
j 5 i : < x [mm]
| . L|E |
T il ‘ a R Jd



Medical Devices

Mechanical Testing of Handheld BioPen for T.Eng.
Cartilage Samples

Tzeranis et al. 2017




8th Semester: MEDICAL DEVICE




Medical Devices

LT A
'Mwm S




DESIGN FOR MEDICAL DEVICE vs OTHER

A REGULATED MARKET CONSUMER MARKET
(MED DEVICE)

- Difficult to identify need - Easy to find needs
- “Easy” to design - Fierce competition
- “Easy” to penetrate marker - Hard to find a good design

- Hard to penetrate the market




Disciplines in Biomedical Engineering: BIOMECHANICS

Blolatpikn Mnyoavikn

“‘_,.----""""'-.,.. MnyxavoAoyotr Mnxavikoi
,"‘ Tissue Engineering "'-_-....-9--".,
»* loTO-pNXOVLKD Biomechanics .
2 ¥ a
IS EpuBroMnyavikn K
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Medical Devices
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Biomechanics & Tissue Engineering

ANATOMY 101
Understand Anatomy and Physiology
(clinician point of view)

Tissue & Joint Mechanics

Understand their function(engineer)
Soft Tissue Mechanics
Hard Tissue Mechanics

Application Cell mechanics
---------------------- Kinematics
Problems and Solutions Biomaterials

- Tissue engineering
- Orthopaedics

- Pulmonary

- Cardiovascular

- Renal



Syllabus

Class  Description

10 Introduction

2° Anatomy 101

30 Tissue and Joint Mechanics

40 Numerical and Experimental Methods in Biomechanics
50 Practical course : Implant fitting study |

6° Practical course : Implant fitting study Il

7° Tissue Engineering

8° Cell Mechanics

9° Practical course: FEM Hip Implant Study

10° Practical course: FEM Hip Implant Study
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Anatomy 101

Understand the anatomy and function of heart, lungs and
Kidneys
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Anatomy 101

Pathologies and some current devices for cardiovascular,
pulmonary and renal application
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Tissue and joint mechanics

Understand function and mechanical properties of tissues

Involved in human locomotion
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Tissue and joint mechanics

Understand anatomy and function of the main joints (knee,
hip, spine). Pathologies and therapies (devices)




Tissue and joint mechanics: Cartilage

Biomechanics

Goal
* prevent

Mechanobiology

tl' loading
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Soft Tissue Mechanics

Cartilage

- Solid Mechanics
- Biphasic material
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Cell Mechanics
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Sports Biomechanics & Gait Analysis
MOVO01-Sports-Biomechanics

Reference: Biomechanics of Bodies (BoB) from: www.marlbrook.com/




Tissue Engineering / Regenerative medicine

METQPOOKELON Broyia

Ikplopa
(scaffold-matrix)

Bloavtidpaotrpac KataoKeun 1otou ATTOOV@OT] KUTTAPGIV
(Bioreactor) (tissue development) (cell isolation)

Bloevepyd neptpdiioy
(Bioactive environment)

KaAALEpYELE KUTLApWY
(cell cultivation)

Tissue Engineering is the study of the growth of new connective tissues, or organs, from
cells and scaffolds in order to produce a fully functional organ for implantation back into
the donor host



Tissue Engineering / Regenerative medicine




Tissue Engineering / Regenerative medicine
Source: VCU Life Sciences MOVO02-Tissue Engineering
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Numerical and experimental methods in biomechanics

Why/how and what to model in biomechanics of movement

hio_pic3.jpg




Practical courses | and Il

Implant fitting and FEM study on hip prosthesis
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Exams?

TBD
- We will have mandatory homeworks during the semester

- If ,significant® work has been carried out, we have no exams
(similar to the ,Medical Device" course)

pX 9, WY



Questions?

Exams?
- Mandatory Homeworks
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Conclusions

1. Biomedical Engineering: The most interdisciplinary field
1. The more you learn the different field, the better you are

3. The more you stay in your comfort zone, less opportunities arise

Bioierpuk Mgk

Mmyxevohoyol Mnyavikol
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EpPualAravird
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« BropEuaTo U avLEn ‘
Dep LaKEUTIKD — %
Bloteyvohoylo Systems Biology ‘
Bmmrpmsq ‘ ‘ HBIDHHP[LKEQ
TMEIKOVLGEL
Xnukoi Mnyavikol Kataokeuzg :
HAektpaiiyor My, ZEMDE



sources

https://openi.nim.nih.gov/detailedresult.php?img=PMC3488184 ORT-1745-3674-083-543 g001&req=4
https://www.mnn.com/health/fitness-well-being/blogs/making-strides-with-a-running-gait-analysis

https://www.omicsonline.org/open-access/use-of-finite-element-analysis-to-predict-type-of-bone-fractures-andfracture-risks-in-femur-due-to-
osteoporosis-2329-9509-1000180.php?aid=78904
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